APC, anti-IgM PECy7, anti-IgG 3 -FITC, anti-IgG 1 -FITC, and anti-IgA-FITC. Cells were analyzed on a Fortessa LSR2 (Beckman Coulter). In parallel experiments, stimulated splenocyte DNA was extracted for investigation of S μ -S γ3 , S μ -S γ1 , and S μ -S α junctions. As previously described in detail, 6 junctions were amplified with PCR. Libraries of 200 bp were prepared from the 1-2 kb PCR products of S μ -S γ1 , S μ -S γ3 , and S μ -S α amplified for Ion Proton sequencing ("GénoLim platform" of the Limoges University, France). Sequenced reads were then mapped to the S μ , S γ1 , S γ3 , and S α regions using BLAST algorithms. The computational tool developed for experiments performs junction assembly; identifies breakpoints in S μ , S γ1 , S γ3 , and S α ; identifies junction structure (blunt, micro-homology, largehomology, or junction with insertions) and outputs a statistical summarization of the identified junctions.
The UNG deficiency markedly reduced CSR toward IgG 3 (mean 0.1 vs 6.9%), IgG 1 (mean 1.9 vs 14.7%), and IgA (mean 1.4 vs 2.5%) compared to that of wt mice (Fig. 1a) . After DNA extraction, the molecular signatures of the S μ -S γ1 , S μ -S γ3 , and S μ -S α junctions were investigated. The structural profiles of the S μ -S γ1 , S μ -S γ3 , and S μ -S α junctions (blunt, micro-homology, large-homology, or junction with insertions) for UNG-deficient and wt mice are shown in Fig. 1b . The distributions of the IgG 1 , IgG 3 , and IgA junctions in terms of distance from the forward PCR primer in S μ and from one of the reverse primers in S γ3 , S γ1 , and S α are reported in Fig. 1c . Localizations of breakpoints within AID hotspots (AGCT, WRCY, RGYW) and other motifs are shown in Fig. 1d (displayed along specifically targeted segments within S regions).
The data indicated that if UNG deficiency markedly affected CSR efficiency, it did not significantly affect the pattern of blunt vs micro-/large-homology remaining junctions. Similarly, the positions of IgG 3 , IgG 1 , and IgA junctions (in term of distance from S μ and S γ1,γ3,α ) and their colocalization with AID-attack motifs were not affected. Summarization of these 1568 independent junctions provided a description of the CSR sequences in UNG-deficient mice at an unprecedented level. To date, only a few had been reported after cloning and subsequent sequencing by Sanger's method. 4 In this study, the panel of wt junctions was markedly different (in terms of blunt vs micro-homology junctions) from ours and those of Panchakshari and colleagues.
2 Our results undoubtedly demonstrate that CSR in UNG-deficient conditions did not affect the balance between N-HEJ and A-EJ. These results also showed that μ-γ 1 , μ-γ 3 , and μ-α CSR in UNG-deficient mice is regulated and that double-strand breaks for IgG1, IgG3, and IgA CSR are not random breaks. In conclusion, our results strengthen the hypothesis that during AID-induced CSR, UNG in association with recombination factors may facilitate the stabilization of the S-S synapse to facilitate efficient recombination. In contrast, our results do not argue in favor of an UNG role in the recruitment of specific DNA repair factors.
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IgM-PECy5
IgA One representative experiment out of three to five for each genotype is shown. b Structure profiles of S μ -S γ1 , S μ -S γ3 , and S μ -S α junctions in UNGdeficient and wt mice. Junctions are classified in terms of junction types (junction with insertions, blunt junction, junction with micro-or largehomology). Numbers in parenthesis indicate the number of junctions of each type. The junction profile was not significantly different in the wt and UNG-deficient mice (p = 0.65, p = 0.15, and p = 0.28 for S μ -S γ1 , S μ -S γ3 , and S μ -S α , respectively; chi-squared test). The results are pooled from three to five mice per experiment. c Breakpoint localizations in S μ -S γ1 , S μ -S γ3 , and S μ -S α junctions in wt and UNG-deficient mice (same junctions as in Fig. 1b) . d Motif targeting in S μ -S γ1 , S μ -S γ3 , and S μ -S α junctions. Stars identify breakpoint positions in AGCT, WRCY, and RGYW AID hotspots and others (same junctions as in Fig. 1b) 
